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ABSTRACT 
Several methods of analysis were employed to investi-
gate the stress conditions of concrete block built in the 
MONOWALL Construction System, when subjected to racking 
loads. MONOWALL is a technique of assembling blocks with 
adhesive rather than conventional portland cement mortar. 
The analyses used in this study included strain gages on 
full-scale walls, photoelastic models, and a mathematical 
solution. 
Each method of analysis is reported separately in 
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I. INTRODUCTION 
A technique of constructing walls with concrete block 
was developed several years ago using a high-bond~ thin-bed 
adhesive mortar. Instead of conventional portland cement-
sand mortar in 3/8 inch thick joints~ the blocks are glued 
together with an adhesive that produces a joint of 1/16 
inch or less. This permits the mason to lay blocks as 
fast as he can pick them up~ with no time-consuming leveling 
and plumbing. The top and bottom of a block are not smooth 
enough or sufficiently parallel to lay a plumb wall with 
such a thin joint. Therefore~ the blocks are turned 
90° and laid with their ends down. These ends are accurate 
enough to build a straight wall with adhesive mortar in 
the horizontal joint. No adhesive mortar is placed in 
the vertical joint~ however~ thus requiring the wall to be 
finished with plaster~ dry wall~ or paneling~ depending 
on the specific need of the application. Called the 
MONOWALL* construction System~ it is shown in detail in 
Figure 1. 
Although the blocks are oriented differently than 
conventional construction~ load bearing walls can be built 
of this system. Special considerations may be necessary 
for some particular applications~ but for the most part~ 
the wall thickness of conventional mortar design can be 
maintained. 
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The high bond of the mortar, which exceeds the tensile 
strength of the block, adds considerable bending strength 
to the wall compared to conventional mortar. T~is adhesive 
mortar is applied near the edge of the blocks and bonds 
each one together so that the face-shells of the block 
essentially act as continuous concrete skins. When subjected 
to transverse wind loads, this mortar adds considerable 
strength to the tension side of the wall, utilizing the 
full tensile capacity of the block. Designing a wall for 
these kinds of loads reduces to an elementary analysis of 
simple bending. 
For compression loads, the wall is as strong as the 
blocks which comprise it. Since the mortar has essentially 
3 
no thickness, the blocks become the design element. Simple 
compression tests on blocks oriented in the vertical direction 
are all that is necessary to produce data for designing a 
wall. 
Racking or shear loads, however, are another matter. 
Earlier tests (1)* had indicated that with nothing in the 
vertical joints MONOWALL was relatively weak when subjected 
to a racking load. The absence of material in the vertical 
joints apparently permitted the vertically-oriented block 
to tip sideways, away from the load, thus putting tensile 
stresses on half of the horizontal joint. The failure 
patterns of these early tests seemed to confirm this 
supposition. The actual behavior of these blocks when 
* Numbers in parenthesis indicate bibliographic references. 
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subjected to racking be~ame an interesting academic challenge 
and ultimately became the subject of this thesis. The 
horizontal joints, in particular, were of most interest 
since this is where the failures were occurring. The 
major effort was placed on a stress analysis of this area. 
A mutual agreement was reached between the University 
of Missouri-Rolla and The Dow Chemical Company that this 
subject could be pursued as a Masters' Thesis, using the 
facilities of the Dow Laboratories, with the help of Dow 
employees only when required for good safety practices. 
All laboratory work was performed in evenings and weekends, 
except, of course, when safety procedures called for assistance 
in the testing of masonry walls. In the latter case, work 
was conducted during the normal working day. 
5 
II. REVIEW OF LITERATURE 
Since the MONOWALL system of block construction is 
relatively new, and, a proprietary technique, no stress 
work had ever been done on this method of construction prior 
to this study. A search for reports on glued joints of 
concrete or concrete block revealed very little informa-
tion. Most stress analyses of concrete and concrete masonry 
examined large areas, using relatively large strain gages. 
In the case of masonry, conventional mortar joints were 
generally employed and these do not develop bond strengths 
that are anywhere near the values experienced in this 
work. 
In addition, most studies of masonry walls subjected 
to shear involved measurements of ultimate loads and deflec-
tions (2,3,4) of the entire wall specimen, all of which 
contained full joints, since conventional construction 
utilizes mortar in both vertical and horizontal joints. 
In practically every aspect, there was little correlation 
between previous work and this. 
Only cursory examinations of stress behavior at specific 
points or areas were conducted. For instance, one report 
(5) described tension tests on walls of conventionally 
oriented block construction, but with epoxy modified mortar 
in the joints. Strain was measured parallel to the horizontal 
joint on wall specimens having open vertical joints. Since 
the loading and the orientation of the block was different 
than this study, few correlations can be made. However, 
one significant conclusion was drawn that parallels this 
report. A stress concentration existed at the intersection 
of the horizontal joint and the open vertical. The presence 
of a stress concentration in the walls studied here will 
become obvious in the discussions which follow. 
6 
III. OUTLINE OF PROBLEM 
Stress analyses of MONOWALL subjected to racking loads 
were performed experimentally as well as analytically. 
Two types of experiments were conducted: 1) full-scale 
tests with strain gages mounted directly on the block, and 
2) photoelastic tests on models representing one face-shell 
composite of a wall. These data were compared to the analyt-
ical solution, a finite element analysis of a mathematical 
model. Because of its complexity, the latter solution was 
performed on a computer at the Rolla campus. 
The order in which these analyses were conducted re-
quires clarification before proceeding. The work did not 
progress in an ideal, step-by-step procedure as good 
engineering practice would dictate; rather, the testing 
requirements of The Dow Masonry Testing Laboratory had to 
7 
be considered and dovetailed into this program. This resulted 
in the wall tests being completed before the photoelastic 
work was initiated. The inclusion of the mathematical 
analysis was not suggested until late into the other work, so 
that both the strain gage and photoelastic tests were 
completed before the computer analysis was performed; 
thus precluding the use of the theoretical data on the 
planning of the experimental work. 
The walls tested were made of nominal 8" x 8" x 16" 
concrete blocks of two strengths. They were built on 
the floor and lifted into a racking machine meeting 
ASTM E-72 requirements. Each wall was examined to locate 
a tight, uniform, horizontal joint that was relatively 
close to the center of the wall, isolated from boundary 
influences. Single-element gages were mounted perpendicular 
to the horizontal joint to measure vertical strain close 
to the joint, while rosettes were used on a diagonal of the 
block to give an indication of the entire block behavior. 
Because all strain readings were done manually, and 
the number of read-out instruments was limited, the number 
of gages read at any one test was also limited. To convert 
these measured strains to stresses, a tensile stress-strain 
curve was generated from data obtained on tensile specimens 
of block identical to that used in the test wall. 
Two photoelastic models were made during the course 
of this study. The first proved to be too insensitive and 
was loaded to failure in an attempt to get better fringe 
patterns. The second model, made to exact 1/4 scale of the 
face-shell of a block, was made of a more sensitive plastic 
and gave excellent stress patterns. Also, two polariscopes 
were used, a transmitting and a reflecting type. Most of 
the time and effort was spent on the former, because it was 
originally thought to be the only machine available in the 
local laboratories. It wasn't until the experimental work 
was nearly finished that the reflecting machine was found. 
It then became the prime instrument for the photoelastic 
phase of this study. The isochromatics that are reported 
herein are from the reflecting unit. The transmitting type 
was used for the isoclinics only. 
8 
A mathematical model of an 8' x 8' wall was analyzed 
by the finite element method. It was assumed to be a plate 
of constant thickness, similar to the face-shells of the 
block, and divided into vertically oriented rectangles 
similar to MONOWALL. These rectangles, representing the 
concrete blocks, were subdivided into various size elements. 
For purposes of this analysis, elements adjacent to one 
segment of a horizontal joint in the middle of the wall 
were examined. 
9 
IV. STRAIN GAGE ANALYSIS 
A. Equipment 
1. Racking Machine 
The racking test setup as established by ASTM 
E-72 is shown in Figure 2. It applied a horizontal 
load to the top corner of a wall panel, while 
restraining the overturning moment by a vertical 
tie-down, resulting in a diagonal shear force 
across the wall. The wall was restrained at the 
bottom corner opposite the hydraulic loading ram. 
A calibrated load cell in the end of the ram was 
used to measure load. The racking machine has a 
loading capacity of 100,000 pounds. 
2. Block 
Two types of 8" lightweight concrete blocks 
were tested in the three full-scale wall tests. 
Test 1 was on a stretcher block having a net 
compressive strength of 2170 psi. Tests 2 and 
3 were conducted on wall panels of a double 
corner block having a net strength of 2417 psi. 
Table I lists the mechanical properties and shapes 
of the blocks. The moduli of elasticity for 
these blocks are included in the Table. The 
compressive modulus was calculated from the 
accepted (6) equation for concrete given at the 






























PROPERTIES OF THE CONCRETE BLOCK 
Type Block 
8 11 stretcher )00( 
8 11 Double Corner I 0 0 I 
Strength 
Density of Concrete,w 
91.9 lb/ft3 
95.1 lb/ft3 




Net, f'c Tensile Shear Compressive* Tensile** 
2171 psi 193 psi 324 psi 1,340,000 psi 1,200,000 psi 
2417 psi 238 psi 360 psi 1,500,000 psi 1,500,000 psi 
* Calculated from: E = wl. 5 33 ~ 
**Based on tensile specimens 
1-' 
1\) 
compressive modulus to density and compressive 
strength. Compressive strains were converted to 
stresses using this modulus as shown later in 
the report. The tensile modulus, on the other 
hand, was determined experimentally, and, as 
seen in Table I, checked very closely with the 
compressive values. 
A variety of methods (7,8) for measuring the 
tensile strength of concrete are available, none 
of which seem to be particularly more accurate 
or representative than another. Thus, a direct 
tension test was devised that could accomodate 
specimens cut from the block itself. 
Tensile specimens were made of 1" x 1" x 3" 
prisms cut from each type of block and bonded 
between high strength mortar "dog-bone" halves. 
These "dog-bones" are standard tensile shapes 
for mortar and were cut in half to make suitable 
ends for the tensile specimen. Two strain gages 
were glued on opposite sides of the prism after 
the surface was coated with a thin portland cement 
coating. The results of these tensile stress vs. 
strain tests are shown in Figure 3 and are reported 
in Table I. 
Standard compression tests according to ASTM 
c-140 were performed on the block to determine 
compressive strength. 
in Table I. 
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Shear strength was not determined on these 
particular block since the test required time and 
facilities which were not readily available. 
Rather, previous shear test data from block of 
similar compressive strength and aggregate were 
used for interpolating shear strength on the block 
used in this work. A direct relationship between 
shear and compressive strength was assumed. 
It should be noted again that the walls tested 
were not chosen to fit this tudy. Rather, they 
were the ones available in a concurrent but separate 
structural test program~ hence, the introduction 
of two different shapes of block: the stretcher 
and double corner. In an ideal experiment to 
study the horizontal joint, the block geometry 
would be constant, but under the circumstances 
of this testing program, the walls that were 
available had to be utilized. 
3. Mortar 
The mortar, THREADLINE* brand adhesive mortar, 
is an epoxy/latex/portland cement combination. It 
is applied with a caulking gun in parallel 3/16" 
beads to the face-shell area of the horizontal 
joint surfaces. When the blocks are assembled, 
* Registered trademark of The Dow Chemical Company 
15 
the beads spread approximately 1" wide to a 
ribbon of mortar approximately the width of 
the face-shells. The mechanical properties 
of this cured mortar are given in Table II. 
4. Strain Gages 
Three types of gages were used in this 
work. At the joint, it was assumed that the 
strains would be perpendicular to the joint, 
and the use of a single-element gage with short 
gage length would accurately measure these 
strains. Thus, an FAP 25-12 was chosen 
having a gage length of 1/4". Since little 
was known at this time of strain direction 
on the interior surfaces of the block, 45° 
rosettes were used on the diagonals. Three 
Type R-l's were used here, one near each end, 
and one at the center. FAP 50-12, 1/2" long 
gages were used on the tensile specimens. This 
additional length was used to achieve a more 
average tensile value for these specimens. 
All gages were bonded with Duco cement after 
a thin finish of a portland cement paste was applied 
to the block and suitably cured. This cement 




BASIC PROPERTIES OF THREADLINE* BRAND ADHESIVE MORTAR 
Tensile Strength > 750 psi 
Compressive Strength > 50,000 psi 
Shear > 825 psi 
base for the gages. 
B. Discussion 
Previous experience with test walls built of this 
system and subjected to racking indicated the probable 
type of stresses that were causing failure. Failure 
patterns similar to those in Figure 4 suggested a 
tensile stress pattern across half of the horizontal 
joint. 
This would appear logical if one considers 
the individual blocks as cantilevered beams. The 
problem reduced to analyzing the stresses on the 
horizontal joint and comparing them to the other 
analyses. 
1. Test 1 
The first wall test was conducted on an 8" 
lightweight stretcher block having a gross com-
pressive strength of 1216 psi. Parallel rows of 
strain gages were mounted on the suspected tensile 
side of a horizontal joint near the middle of the 
wall. Since the depth of the significant stress 
pattern was unknown at this time, two rows of 
gages were chosen to get an approximation of the 
vertical distribution. The row closest to the 
joint consisted of five gages, while the second 
row contained four. Three rosettes were mounted on 
a diagonal of the block, one at the center and one 
18 
FIGURE 4 
Typica I Failures in 
MONOWALL 
19 
near each corner. These locations and the orienta-
tion of the rosettes are shown in Figures 5 and 6. 
The tensile strain values measured for each load 
are listed in Appendix A and plotted in Figures 7 
and 8. 
A word of explanation is in order concerning 
the plots of Strain vs. Load that are included in 
this report. Several methods of plotting the 
strain data were examined, and the technique 
shown in the figures was chosen as giving the 
clearest picture of what was happening in the 
wall. The magnitude of the strain that was 
measured at any given point is easily seen. The 
overall strain pattern also becomes clear if the 
individual curves are visualized as occupying their 
respective positions on an imaginary Z axis. With 
this in mind, the strain pattern shown in the 
distribution schematic at the upper right of each 
figure is obvious. 
Measured strain values from the rosettes are 
given in Appendix B, along with the calculated 
20 
prinicpal strains and their direction. The orienta-
tion of the principal strains is combined with 
similar data from Test 2 and plotted in Figure 9. 
Examination of the Tensile Strain vs. Load 
curves (Figures 7 and 8) reveals similar strain pat-
terns for both rows of gages. Comparing the maximum 
I
I 
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strain values from these curves with the Stress vs. 
Strain curve of the tensile specimens (Figure 3) 
suggests this joint was near failure at both the 
corner and midpoint. Certainly Figure 7 confirms 
that the location of these gages was suitable for 
getting good strain values. This location subse-
quently became the standard for the remainder of 
the tests. 
The results obtained from the rosettes will 
be combined with those from the next test· and 
compared to the photoelastic work. These results 
will be discussed in detail in Section VII. 
2. Test 2 
26 
Once again, a block was chosen in a test wall 
that had a tight joint and unbroken surface. In 
this case, however, the wall was made of a double-
corner block having a gross compressive strength of 
1305 psi. Gages were mounted across the entire 
horizontal joint of one block to measure compressive 
as well as tensile strains. Rosettes were again 
mounted on the internal surface of the block, in 
the same relative location as Test 1, but on the 
other diagonal. 
Figure 10 shows the location of the gages, 
Appendix C and D the results, and Figures 11-1 
and 11-2 the plots of tensile and compressive 
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also includes the calculated principal strain and 
direction values as determined from the rosette 
gages. 
The tensile strain curve (Figure 11-1) did not 
agree with the general shape of Test 1 (Figures 7 
30 
and 8). The absence of high strain values at each 
extreme, and the relatively low values overall 
compared to the tensile strength of this block 
(Figure 3) could have several causes: a poor joint, 
i.e., insufficient mortar on the joint surface; gages 
not oriented exactly perpendicular to the joint: or 
poor quality of block resulting in minute cracking 
or yielding. The sharp decrease in the tensile 
strains while the compressive side continued to 
increase with the load, suggested an isolated mal-
function. For this reason, the tension data from 
this test was not used in further evaluations. 
Although no compression was measured on Test 
1, it is interesting to note the general agreement 
between the tensile strain curves of Test 1 (Figures 
7 and 8) and the compression curve of Test 2 (Figure 
11-2). These trends will be referenced in later 
discussions. 
The results of the diagonal strain rosettes 
are plotted in Figure 9, along with those of Test 1. 
These will be compared to the photoelastic work in 
Section VII. 
3. Test 3 
Since the results for the rosettes in Tests 1 
and 2 were fairly close, and since the number of 
available strain measuring points was limited, it 
was decided to eliminate the rosettes in this test 
and concentrate on the stress pattern at the joint. 
Therefore, 25 gages were mounted on both sides of 
a selected joint, as shown in Figure 12. Figure 13 
is a photograph of the mounted gages, wired and 
ready for testing. The scarcity of good joints is 
evidenced by the one selected. Two blocks had 
chipped corners, approximately 1/4" wide, which 
prevented gage 11 from being mounted as close to 
the vertical edge as the others. Also, the sur-
faces of the two courses of block were not in the 
same vertical plane, but were offset by 1/8". 
31 
Data from Test 3 are given in Appendix E and 
plotted in Figures 14-1 to 14-5. Each of these 
figures contain data from five gages representing 
half of a joint width. The gages are numbered as 
shown in the legend and the results are illustrated 
in the strain distribution diagram. Note that the 
direction of the load, as indicated by the arrow in 
the legend, is opposite that of the first two tests. 
This is simply because the opposite side of this test 
wall had the best location for mounting gages. Any 
comparisons between the three tests should be made 
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Note that Figure 14-1 contains data for gages 
2 to 5, but omits gage 1. This was a result of 
improper wiring during the hook-up that was not 
discovered until the test was completed. Thus, 
only four locations were available to evaluate this 
portion of the joint. 
To simplify and better understand this rather 
complex test, all of the strain data from Test 3 
are combined in Figure 15 and plotted as strain 
distribution across the joint. The numbers on the 
strain schematic (Figure 15) relate to the respec-
tive Figures 14 from which each portion was derived. 
There is an almost mirror image pattern on that 
section of the horizontal joint having gages mounted 
on both sides. This correlation lends credibility 
to the stress patterns that are developed. The void 
on the upper right-hand tensile pattern is, again, 
from the malfunctioning gage number 1. Even without 
this key location, there is sufficient evidence to 
suggest a stress concentration at this intersection 
of horizontal and vertical joints. 
A comparison of the tensile strain curves of 
Test 3 with the Stress vs. Strain curve of Figure 
3 will reveal a close correlation of strain at 
the failure load. In Figure 13-1, gage 2 read a 
tensile strain of 150 microinches/inch at the 
final load recorded before failure occurred. 
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This is approaching the failure strain of 160 
microinches/inch for that particular block as 
recorded in Figure 3. 
Continuity of the stresses along the hori-
zontal joint of a block requires a zero stress 
level at some point in between the adjacent ten-
sile and compressive stress areas, such as -3 
and -4 on Figure 15. Interpolation of the tensile 
and compressive data to satisfy the continuity of 
the stress flow will yield a zero stress level at 
the horizontal joint. This interpolation was not 
deemed necessary for the purposes of this report 
and therefore was not shown on Figure 15. 
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This test also confirms the presence of tensile 
stresses on the load side of the horizontal joint. 
Such tensile stresses would appear to result from 
the block being subjected to bending. Considering 
the relationship between the tensile and compressive 
stresses of this test, combined with the stress 
patterns of Tests 1 and 2, the behavior of the 
block as a vertical cantilever beam in bending 
appears accurate. 
V. PHOTOELASTIC ANALYSIS 
A. Equipment 
l. Polariscopes 
The transmitting type polariscope used in this 
study was made by the Massachusetts Institute of 
Technology. It consisted of three major parts: 
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l) the light source bench, 
and 3) the viewing bench. 
2) the loading mechanism, 
Mounted in the benches 
were a pair of rotating frames marked in 5° incre-
ments. A new polarizer and analyzer had to be made 
for this work because of the questionable nature of 
the polaroid lenses that were supplied in the 
frames. White and mercury vapor light sources 
were available with a common green filter. A 
ground glass plate was fabricated and installed 
in front of the light source to improve dissipation 
of the light being transmitted. This machine was 
used only for the isoclinic portion of the study. 
The polariscope used for the isochrornatics wa~ 
a reflecting type, the Large Field Meter, Model 
LF/MU, by The Budd Company. This has its own light 
source with built-in polarizer and analyzer. By using 
a Kodak standard gray card behind the model for a re-
flecting surface, excellent stress patterns were pro-
duced and recorded with the camera. A telemicroscope 
and zoom lens were incorporated to achieve the close-
up photos that are included in this report. 
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2. Loading Mechanism 
The loading mechanism for the models consisted 
of a 0-?00 pound platform scale and a frame mounted 
on a wheeled platform which permitted the entire 
assembly to move both horizontally and vertically, 
relative to the light source. This permitted various 
parts of the model to be examined in the fixed path 
of light. A hand wheel was so connected to the 
frame that the model and frame could be moved ver-
tically, independent of the scale. 
The original frame was modified to represent 
the ASTM E-72 racking apparatus. Since the load on 
this machine was applied vertically, the model was 
turned 90°, making the "tie-down" horizontal, as 
shown in Figure 16. This "tie-down" was a l/2" 
diameter steel rod restrained by the frame. The 
"base" of the model now vertical, was clamped and 
supported on the opposite frame. 
The platform scale which was the original 
technique of applying load to the model, proved 
inadequate when attempting to determine the load for 
a particular stress pattern. The slight movement 
of the balancing arm that occurred while adjusting 
weights during balancing was sufficient to move the 
platform itself and change the stress pattern. While 
doing the isochromatic portion of this work, it be-
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and measure the load accurately. Thus, a load cell 
was incorporated into the assembly so accurate loads 
could be measured directly without moving the balan-
cing arm and consequently the platform. This cell 
was placed between the loading rod and the platform 
and connected to a calibrated strain indicator. The 
results of this load cell were excellent. 
3. Model Materials 
Two photoelastic models were made for this 
study, one of CR-39 and the other of PSM-1. A 
report (9) on the use of CR-39 as a photoelastic 
material for studying concrete members prompted 
its initial selection. 
Physical properties of these two materials 
are listed in Table III. Both models represented 
three courses of the MONOWALL System and consisted 
of 1/4" thick rectangles ("blockettes") glued to-
gether on one joint (the "horizontal") with an open 
gap in the "vertical" joint. Steel bars, 1/4" x 
1/2" were bonded to the top and bottom to represent 
the horizontal bonding courses of actual MONOWALL 
construction with concrete block and served as load 
transfer members from the loading mechanism to the 
plastic blockettes. A clamping device was built to 
hold the pieces together during assembly in an 
attempt to achieve good adhesive contact without 


















assured by inserting sheets of Teflon* between 
the blockettes until the adhesive cured. 
a. CR-39 
Blockettes from the original CR-39 sheet 
were discarded because of variations in thick-
ness that ranged from 0.265" to 0.222". New 
material was ordered and cut into blockettes 
which were then selected in the range of 0.255" 
to 0.230". Cutting was done on a 2" diameter 
mill using steel jigs as guides. The blockettes 
were cut 2" x 4", and when assembled with a 
vertical gap of approximately l/64", made a 
model approximately 12" x 12". 
The blockettes were glued together with 
an epoxy cement that had proved itself capable 
of bonding this plastic to produce several 
fringes on a simple beam-in-bending test. 
Normally acceptable photoelastic adhesives 
were rejected because of their solvent nature. 
They rely on dissolving the plastic to form a 
continuous, homogeneous weld. This was con-
sidered inappropriate since it was desirable 
to have the blockettes behave as individual 
units when stressed. Therefore, an adhesive 
was desired which would not dissolve material, 
but simply bond to it. 
*Registered Trademark, E. I. duPont deNemours & Company 
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Much experience was gained in operating 
the transmitting polariscope with the CR-39 
model, but good photoelastic patterns were 
never developed. In addition to low sensi-
tivity, residual stresses became excessive 
during the long period of experimenting with 
camera techniques, checking out the lens 
arrangement, etc. Occasionally, while sub-
jected to high loads, excessive deflection 
occurred and closed some vertical joints. 
It was during one of these high load condi-
tions, in an attempt to get sharper fringes, 
that the model failed. Significantly, the 
failure pattern was similar to those experi-
enced by the full-scale wall specimens, a 
confirmation of the miniature racking device's 
ability to duplicate the diagonal shear load. 
b. PSM-1 
The PSM-1 model was made to exact scale. 
Since the face-shells of concrete block are 
1-1/4" thick and the plastic was 1/4" thick, 
this ratio was used to size the length and 
width of the blockettes. This made them 
3.125" x 1.525", and when assembled, the 18 
blockettes produced a model 8-1/16" x 9-3/8". 
To insure absolutely no contact at the vertical 
joints, in the event deflections similar to 
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the first model were experienced, a gap of 
0.030" was built into this model. 
The adhesive used on this model was a 
moisture curing, polyurethane mastic. Al-
though the bond was satisfactory for this 
work, the mastic experienced some creep under 
sustained loads. This resulted in residual 
stresses at the joints after particularly 
long tests, but these always dissipated 
after several days storage at room tempera-
ture with no load. 
B. Procedure 
1. Isoclinics 
The photoelastic model of PSM-1 was subjected 
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to a racking load of 40 pounds. With plane polarized 
light from a mercury vapor light source on the 
transmitting-type polariscope, photographs were 
taken of isoclinics at 10° intervals, from 0 to 
80°. These are shown in Figures 17-1 to 17-9. 
A dark background was used. 
Referring to these photographs, only the 
middle row of blockettes, number 7-12, was 
examined for isoclinics since it was the only 
row bounded on both sides with other blockettes. 
The top and bottom rows were bonded to metal 
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FIGURE 17·4 






















MONOWALL System. Of those in the middle row, this 
study concentrated on blockettes numbered 8, 9, 
10, and 11. 
From these, the combined isoclinic diagram, 
Figure 18 was developed. This shows the repre-
sentative isoclinics of several blockettes, com-
bined into one, with the direction of load indicated 
by an arrow. This was followed by construction 
of the stress trajectories, Figure 19. The assign-
ment of the p and q trajectories was based on the 
strain data from the wall tests. 
Examination of these stress trajectories 
demonstrated the existence of definite tensile and 
compressive stresses in the suspected areas, i.e., 
compressive on the top half-joint nearest the load 
and tensile on the other. The flow of these tra-
jectories was such that each boundary ended up 
having tensile and compressive stresses, separated 
by singular points. These are located and labeled 
G, H, I, and J on Figures 18 and 19. 
Diagonal tension stresses are also quite 
evident in the stress trajectory diagram. These 
p stresses, near the middle of the block, are 
approximately perpendicular to the direction of 
the expected resultant load across the diagonal. 
This type of tensile failure was evidenced several 
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near the load failed in diagonal tension, the 
crack following the direction of the q stresses 
in the middle of the block shown on Figure 19. 
2. rsochromatics 
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The reflective polariscope was used to identify 
isochromatics. With a Kodak gray card behind the 
model, photographs were taken of blockette 11 at 
various loads. These are shown in Figure 20. With 
the load direction shown, the tensile joints are 
on the lower right and upper left positions of the 
blockette. 
Distinct stress concentrations are evident 
at the intersections of the vertical edges and the 
horizontal joint, on both the top and bottom of 
the blockette. The top joint exhibited very 
similar patterns for both the tensile and 
compressive side. The lower photo shows the first 
fringe beginning to bridge the stress concentrations 
on both sides of the tensile joints, creating a 
curved fringe very similar to the failure pattern 
of the masonry walls. With stress concentrations 
similar to those in the photo to initiate a crack, 
it•s reasonable to assume that the crack would 
propogate along the high stress area and cause 
a curved failure pattern, similar to those experi-





Examination of these isochromatics reveals 
several interesting points. Confirmation of the 
typical failure pattern in the walls has already 
been established. In addition, the slight vertical 
displacement of the singular points I and J of 
Figure 18 is repeated in the black, zero stress 
areas at the vertical edges of blockette 11 in 
Figure 20. This displacement was not the same in 
all the blockettes of the middle course, and there 
were too few specimens to come to any conclusion 
concerning their average position. It may be 
possible that the position of a concrete block 
in the wall, relative to load and boundaries, 
will affect the exact position of these singular 
points in a full-scale wall test. More data must 
be acquired before all is known about the relative 
position of these singular points. 
The photoelastic tests never achieved more 
than the three to four fringes shown at the stress 
concentration points in Figure 20. When higher 
loads were attempted, relief continued to occur 
1n the model, most likely in the adhesive. Based 
on the experience from the previous model, it was 
deemed wiser to save this model from irrepairable 
damage and use the low-load data that was acquired, 
rather than attempt more fringes. 
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Two areas on the tensile half of a horizontal 
joint were evaluated for comparative purposes; the 
midpoint (see arrow in Figure 20) and the intersec-
tion with a vertical joint. 
The area indicated by the arrow was judged to 
be blue-green while the stress concentration point 
of the intersection produced four fringes. Since 
the material fringe value for this plastic was 
38 psi/fringe/inch, the model value was: 
F f = t 
F = 3
8 
= 151 psi/fringe 0.251 
With four fringes at the stress concentration 
point, the shear stress level then was: 
4 fringes (151 psi/fringe) 
= 604 psi 
For the blue-green midpoint, the stress value 
was determined using a color/stress chart which 
relates the color of any photoelastic specimen 
to the percent of stress value at the first tint 
of passage (See Appendix F). 
Taking the stress percentages for blue and 
green, 116 and 13~/o, and multiplying their average 
times the model fringe value, yields a shear stress 
value for the middle of the tensile half: 
1.24 fringes (151 psi/fringe) 
= 187 psi 
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These were the only two points that were calculated 
from the isochromatics, since they were of the most 
value and interest. The ratio between these two 
604 = 3.22, will be referenced in Section VII 
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VI. COMPUTER ANALYSIS 
For the analytical solution to the stress conditions 
on MONOWALL subjected to racking loads, a stress analysis 
was conducted using the Finite Element Method. In this 
approach, the "blocks" of the model were divided into elements 
and then analyzed for stresses. A program for this Finite 
Element Method of analysis existed in the computer library 
at the Rolla Campus, and a graduate student at the campus 
was assigned the problem of fitting MONOWALL to the program. 
A. Criteria 
The analysis started with a mathematical wall of 
uniform thickness approximately 8' wide and 8' tall. 
This was divided into three main sections, and these 
sections then subdivided into the elements. A total 
of 722 elements were plotted by this analysis, but 
only a small portion of these were used in this study. 
Since MONOWALL has no mortar in the vertical joints, 
this analysis assumed them to be open l/8th of an inch. 
In order for the computer program to maintain continuity 
in its analysis, the l/8th inch wide vertical strips 
had to be programmed for the full height of the wall~ 
thus, creating l/8th inch wide elements in the blocks 
above and below the open joints. 
A schematic of this mathematical model and the 
elem~nts examined in this study are shown in Figure 
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available in the computer program, only the limited 
number of small elements shown in Figure 21 could be 
programmed. The remainder of the model wall was 
divided into larger elements but were not considered 
useful for this study. The array shown, however, did 
cover several blocks as well as the top and bottom of 
a horizontal joint; and since it was located near the 
center of the wall, the elements were in an ideal 
location for comparison to the strain data. 
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A horizontal load and vertical tie-down were placed 
on the top corner of the wall, similar to the ASTM E-72 
racking method. The bottom and one corner were restrained 
while the top was free. 
B. Discussion 
As seen in Figure 21, there are approximately the 
same number of major elements on a theoretical block 
as there were strain gages on the blocks of the walls 
tested; that is, 10 per block. However, it should be 
pointed out that the areas included in these elements 
were much larger than the areas covered by the strain 
gages. This difference in area may be a major contri-
butor to some of the discrepancies that will be dis-
cussed later. 
The following assumptions were made for the computer 
analysis: 
1. The modulus of elasticity was 1.3 million psi. 
2. Poisson's ratio was 0.15 (10). 
3. A load of 4400 pounds was on the wall which had a 
uniform thickness of 1 inch. 
4. The material in the wall was isotropic, homo-
geneous, and linearly elastic. 
5. No elements in the loaded model entered the 
plastic stage. 
A correction was made to the computer output data 
so that quantitative as well as qualitative comparisons 
to the experimental data could be made. The assumed 
input for this program was not identical to any of the 
test walls which were run; therefore, a correction 
factor was determined by which the computer data 
could be multiplied in order that the two analyses 
would be comparable. 
The following applied to the full-scale walls: 
1. The blocks had moduli of elasticity of 1.2 and 
1.5 million psi. 
2. The blocks consisted of two parallel face-shells, 
1-1/4" thick, each of which carried half the load 
on the wall. 
3. Test 1, which had block of modulus 1.2 million psi, 
failed at 4400 pounds. 
using the above information, then, the computer 
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1.2 M psi = 
1.3 M psi Corrected 
Computer 
Stress Values 
For purposes of this study, only a small area of 
the wall was examined in detail. Elements immediately 
above and below a horizontal joint near the middle of 
the wall were chosen, so that influences from boundary 
conditions would be minimal. The computer output 
included several strains and stresses, but only the 






cr p = 
= Horizontal Stress 
= Vertical Stress 
= Shear Stress 
by the aforementioned 
2 
equation, the 
Plots of the corrected stresses are shown in Figures 
22 and 23 for elements above and below the horizontal 
joint, respectively. 
The 1/8" wide elan ents above the vertical joints 
were sufficiently small to pick up the stress concentra-
tions at the intersection of the horizontal and vertical 
joints. These narrow elements read higher shear and 
horizontal stress levels than their adjacent elements. 
An examination of the curves in Figure 22 confirms 
the supposition of the blocks behaving as "tilting 
dominoes". The vertical stress, crR, transfers from 
an extreme tensile to maximum compressive along the 
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23 24 25 26 27 29 30 31 32 33 
horizontal joint of each block, passing through or 
near zero at the midpoint. This change from tension 
to compression is identical to that reported in the 
discussion of the ful~-scale wall tests. 
The horizontal stress, az, appears to accumulate 
across the joint of each block, starting at zero and 
gradually increasing as compressive strain is added 
to each element from the lateral push on the block. 
Since these elements receive horizontal restraint 
at their bases only, this stress should be relatively 
high near the horizontal joint, and decrease in the 
area of the element away from the joint. The size of 
these elements is not small enough to get good hori-
zontal stress readings .immediately next to the joint 
since the computer averaged the strain over the whole 
area. This stress, however, is the least influential 
of the three and, therefore, will not need further 
examination. 
The shear stress, TRZ' is relatively constant 
across the horizontal joint, except at the midpoint. 
Here, the shearing action from the transition of 
vertical stresses is apparent, and a state of essen-
tially pure shear exists where little or no vertical 
stress is present. The values of this stress for 
each element are undoubtedly "averaged-down" from the 
high values one would expect right next to the joint. 
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The significance of the high shear at the joint inter-
sections, and its influence on the principal stress, 
becomes apparent in the principal stress curve. The 
stress level at the midpoints is consistently in-
creased, a result of the high shear at these points. 
Figure 23 shows the corrected horizontal, vertical, 
and shear stresses for the elements below the joint, as 
well as the calculated principal stress. Because of 
the limited capacity of the computer, the number of 
lower elements was limited to those shown. An exact 
duplication of the upper row of elements shown in Figure 
22 was not possible. This limitation makes a total 
analysis of these elements difficult, particularly in 
terms of the vertical stress, crR. The curves shown 
for the two blocks examined do not indicate a cyclic 
pattern as suggested by the upper elements in Figure 22. 
The reason for these curves approaching zero at elements 
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44 and 45 is unclear. The answer may lie in the difference 
between the boundary conditions on the top and bottom of 
this entire wall model, since the upper and lower rows 
of elements in question are really the tops and bottoms 
of blocks. One significant comparison can be made, 
however. The highest vertical tensile stress achieved 
by the lower elements is the same as that of the upper 
row. This will be discussed further in the next section. 
Shear stress once again was the highest at the middle 
of the block, opposite the open vertical joint above. 
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Note that the values of shear from both rows of elements 
are approximately the same. 
Principal stress, of course, is a function of the 
vertical stress and thus reflects the strange behavior 
of the latter. Even so, it is the same order of magni-
tude as that shown in Figure 22. 
VII. COMPARISON OF ANALYSES 
The data from all three analyses were compared 
qualitatively and in some cases, quantitatively, although 
it will be seen that the data from the full-scale tests 
and the analytical analysis were the most comparable. This 
may be accountable to the similarity in scale and size of 
the two specimens, compared to the size and number of blocks 
in the photoelastic model. 
The one factor that was common to all three analyses 
was the division of stress on the horizontal joint, tension 
on the load side, compression on the other. This fact 
suggested the presence of a stress concentration since the 
stresses had to transfer from tension to compression at 
the vertical joint. This stress concentration was quite 
evident in the photoelastic analysis and was confirmed by 
the analytical solution. The weakness of the full-scale 
test data was most evident here since no conclusive pattern 
at this midpoint could be drawn solely on the basis of 
the measured strain. 
Qualitatively, the photoelastic data matched well 
with the strain data from the full-scale wall tests. It 
has already been pointed out that the stress trajectories 
shown in Figure 19 represent well the diagonal tension that 
has been experienced on some of the blocks that have failed 
in the full-scale wall tests. 
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Recalling Figure 9, the princip~l strains calculated 
from the rosettes on the diagonals of the blocks are shown 
in both direction and quantity. Points A-F are shown with 
their respective strain direction and value. The angles 
given by each point have the same reference as the iso-
clinics of Figure 18, (where the points are represented 
by black dots) so that comparisons could be made between 
the strain and photoelastic data. The arrows at each point 
on Figure 9 are drawn to scale so that the length as well 
as direction is representative of the measured data. This 
in turn, can be compared directly to the stress trajec-
tories where direction and the proper sign (tension or 
compression) are obvious. 
Comparing Figures 9 and 19, it can be seen that 
Points A, C, and D compare in direction as well as sign. 
Point F is properly oriented but of improper sign, al-
though examination of the raw data in Appendix D will 
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reveal that this point fluctuated from tension to compression 
during loading so that little confidence can be placed in 
its value. It did not reach high enough values to give 
meaningful conclusions regarding tension or compression. 
The puzzling data were at points B and E at the 
center of the block. Both tests had a gage at identical 
locations and both registered a nearly vertical, principal 
strain, although the isoclinics did not detect such a 
pattern. If this vertical strain was anything more than 
a freak, the isoclinics would have shown a zero iso-
clinic somewhere in the area. Since none was evident, 
this has to be considered experimental error. It 
should be remembered, however, that the concrete blocks 
had a web in their center, connecting the face-shells, 
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directly behind the gages in question. The photoelastic 
model, of course, did not have any webs but was a smooth 
sheet of constant thickness. This difference could 
easily explain the discrepancy. The theoretical 
analysis shed little light on this problem since 
the elements were large in the vicinity of the middle 
of the block and could not be relied on for meaningful 
conclusions in a small, isolated area. 
The qualitative agreement between the photoelastic 
data and full-scale tests confirms the validity of 
the stress trajectories as well as the design of the 
load-applying apparatus for the model. 
Quantitatively, the photoelastic data did not 
fare so well. using the general laws of similitude, 
(11) the stresses that were calculated from the fringes 
of the photoelastic model (page 65) were extrapolated 
to the full-scale wall according to the following 
equation: Pw h 1 m m 
(J = (J X X X 
w m p h 1 
m w w 
Where a = stress at a point 
p = applied load 
h = thickness 
1 = a typical length dimension 
m = model 
w = wall 
Recalling that the stress concentration point, 
or midpoint of the joint in the photoelastic model 
was calculated to have a shear stress of 604 psi 
under a load of 43 pounds: 
cr = (604 psi) (4400 lb.) (0.25 inch) (0.25 w 
At 
= 3860 psi 
the middle of the 
cr = 187 psi 
w 
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These stresses are obviously in excess of the shear 
strength of the block and thus are not meaningful for
 
scaling up to a prototype full-scale wall. Here, 
apparently, is where one of the exceptions listed in 
Dally and Riley applies: "(An) exception to the laws 
of similitude is the case where the photoelastic mode
l 
undergoes appreciable distortion under the action of 
the applied load." This relatively complicated photo
-
elastic model with its many components certainly had 
the opportunity to deflect excessively and thus give 
inaccurate fringe readings. 
The computer data and the strain gage data corn-
pared much more favorably, particularly in absolute 
values. Referring to Figure 22, it is seen tha
t the 
maximum principal stress is approximately 115 psi, 
and the measured tensile strength of the block of 
Test 1, 190 psi. Since the computer model was pro-
grammed at the same load that failed the full-scale 
model of Test 1, it can be assumed that the mathema-
tical model was approaching the point of failure. 
The one disturbing factor of the strain analysis 
is the lack of consistent stress flow. There is cer-
tainly no general tendency of the vertical stresses 
going toward zero stress level at the midpoint of the 
joint as predicted by the computer data. One possible 
explanation of this is the high stress concentration 
at this point which could disturb the strain readings 
if the gages in that vicinity were not mounted exactly 
vertical. 
The most probable cause of this discrepancy was 
the use of gages that were too small. The selection 
of strain gages for these tests was guided primarily 
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by the desire to measure strain as close to the horizontal 
joint as possible, rather than the relative sizes of 
the aggregate in the block and the gage. Several 
papers have discussed the subject of strain gage selec-
tion in relation to aggregate size (13, 14, 15, 16). 
Cooke and Seddon state that " ... the gage length should 
be at least four times the nominal maximum size of the 
aggregate for errors less than 5%, and at least eight to 
ten times the maximum aggregate size for errors less than 
2-1/~/o." Considering that the aggregate in the blocks 
tested averaged approximately 1/4" in diameter, with 
maximum sizes up to 1/2", the use of a gage 1/4" long 
probably introduced a large error. This can only be 
justified by the fact that the larger, more appropriate 
gage would have read strain over an area significantly 
distant from the joint in question. This error was 
considered less desirable than the error of size when 
the gage length of 1/4" was selected. 
There was however, a good correlation of the 
vertical stresses at the edges of the block, on the 
tension side as well as compression. All three analyses 
indicated high values at the corners of the block. 
Since the compressive and tensile stresses were of the 
same magnitude, and concrete is significantly weaker in 
tension, it is clear that failure is one of tension. 
The directions of principal stresses along the 
horizontal joint were not calculated from the computer 
data, because the area of each element was too large 
to get data that could be compared with any degree of 
meaning to the strain gage data. 
One more comparison can be made: the ratio of 
the maximum to minimum stresses on the tensile side 
of the joint. From Figure 22 it can be seen that the 
maximum principal stress is on the order of 115 psi, 
while the minimum on the tensile side is approximately 
30 psi, yielding a ratio of 3.8. This compares 
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favorably to the ratio of 3.2 which was determined from 
the photoelastic data (page 66) indicating again that 
the photoelastic model and test setup were performing 
relatively well. 
Keeping in mind the opposite orientation of the 
loads on Figures 15 and 23, some similarities can be 
seen between the strain data and the theoretical values 
on the lower part of the horizontal joint. Test 3 
(Figure 15) gave definite compression-tension patterns 
on each half of the joint, as did the theoretical data. 
The similarities in values are too minor, however, to 
draw meaningful quantitative comparisons between these 
two analyses. 
It has been reported that many racking tests have 
been conducted on MONOWALL. In all of the tests, failure 
was similar to that shown in Figure 4, a slight arc on 
the load side above the horizontal joint. This type of 
failure pattern was also repeated in all three of the 
full-scale walls reported in this study. The photo 
of installed strain gages on Test 1 for instance, 
(Figure 6) was taken after failure occurred, and the 
typical pattern is again evidenced by cracks through 
the block in the top of the joint. 
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To determine if this failure pattern was coincidental 
or predictable, the top and bottom of the horizontal 
joints were re-examined in detail. 
An examination of the strain data of Test 3, the 
only test that measured strain at the top and bottom of 
a horizontal joint simultaneously, clearly shows a 
higher tensile stress in the top side of the joint than 
the bottom. Although this particular set of gages was 
the one with an omission at the corner of the block, 
the trend of the four gages that did operate is con-
vincing enough to conclude that tensile strain on top 
of this joint was, indeed, higher than on the bottom. 
The isochrornatics shown in Figure 20 do not 
contribute a great deal to this particular problem. 
When these were being photographed, the emphasis was 
on the behavior of one entire block, rather than the 
top and bottom of a horizontal joint. Hence, there 
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is little shown on both sides of the same joint. How-
ever, if the top and bottom of the same block are corn-
pared, there is an indication that the bottom of the 
block (which is the top of a joint) has the higher stress. 
However, consideration must be given to the possible 
influence of the adhesive used in this model and without 
having both sides of the same joint for comparison, 
little confidence can be placed in this analysis. 
The computer analysis did reveal conclusive suppor-
ting evidence that higher stresses occur in the top side 
of these joints. Comparing principal stresses of the 
elements in Figures 22 and 23, it is obvious that the 
top of the joint, elements 1-33, experienced higher 
stress levels than the bottom row, elements 34-55. 
The peak principal stresses on the top of a joint 
at the edge and midpoint of a block, elements 1 and 
6, respectively, for example, indicate areas of 
stress concentration which would very likely initiate 
failure. These values consistently approached or 
exceeded 100 psi, whereas the principal stresses in 
Figure 23, the bottom elements, only approach 100 psi 
at one point. This is strong evidence that the top 
side is being subjected to higher stress levels than 
the bottom. 
There are two boundary influences on the MONOWALL 
panel which have been considered negligible or not 
influential to these stresses, but may indeed be of 
some significance to the question of why failures 
consistently occurred in the top of the horizontal 
joint. These two influences are: 1) gravity, and 
2) the horizontal boundaries of the wall. 
The weight of the concrete blocks themselves has 
been considered of no consequence when compared to 
the loads being applied to the full-scale walls. al-
though the weight of the walls in Tests l-3 was 
approximately 1500 pounds. Considering that failure 
loads of 4000 to 8000 pounds were experienced in these 
tests, it is not inconceivable that the mass of the 
panels themselves, would influence their failure. On 
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the other hand, the weight of elastic model compared 
to the loads applied to it, 3 and 40 pounds respec-
tively, was considerably less. Also, this model was 
oriented 90° from the full-scale walls so that any 
gravity effects on it would have been significantly 
different than the wall panels. Finally, in the compu-
ter analysis, the weight of the wall was completely 
neglected, but did not alter the fact that higher stresses 
occurred in the top of the joint compared to the bottom. 
In summary, then, there was only one of the three 
analyses on which gravity could have had any effect, 
and yet all three experienced some degree of the 
familiar stress pattern above and below horizontal 
joints. It is therefore concluded that gravity was 
not a major contributor to the failure pattern and 
was justifiably ignored in the analyses. 
The other suggested influence, the top and bottom 
boundary conditions of the wall panel, is of more 
interest. As shown in the several diagrams describing 
the ASTM E-72 racking setup, the top edge of the 
panel is free, except for a roller connection at the 
corner where the load is applied. The bottom edge, 
however, is restrained and held rigidly. 
This difference between the top and bottom of the 
panel was repeated in the computer analysis and the 
full-scale walls, but not in the photoelastic model. 
Although this model was unrestrained in the loaded 
boundary, it did contain steel bars on the "top" and 
"bottom" edges, bonded directly to the MONOWALL courses, 
rather than "horizontal" bonding courses as in the 
other tests. These courses were eliminated as well 
as two MONOWALL courses, because the size of the 
blockettes was considered more important to achieve 
good stress patterns than was the exact duplication 
of the full-scale walls. Since the overall size of 
the model was limited by the loading apparatus, only 
three MONOWALL courses with ';teel boundaries were 
permitted. With this consideration, and the lack 
of good photographic coverage of both sides of the 
same joint, few meaningful conclusions can be drawn 
from the photoelastic analysis regarding the influence 
of boundaries on the failure patterns. 
Based on this limited investigation, it appears 
that boundary conditions could influence the failure 
pattern of the block. Insufficient evidence exists, 
however, to conclude positively that the boundaries 
are the only factor involved. A more detailed study 
of boundary conditions and their influence on stress 
conditions would enlighten this situation, and may 
even reveal other influential factors that have been 
ignored up to now. This could be the subject of 
another paper on this problem. 
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VIII. CONCLUSIONS 
1. Failure of unplastered MONOWALL subjected to racking 
loads is due to tensile stresses in the concrete block 
at the horizontal joint. 
2. Failure is initiated by stress concentrations at the 
intersection of the horizontal and vertical joints. 
These stress concentrations are a result of the shear 
created by the racking loads. 
3. Of three analyses studied, none was particularly out-
standing in every respect to suggest it as the pre-
ferred method. Each technique had its strong and weak 
points and together they complemented each other. 
4. It is possible to glue photoelastic elements together 
to examine the stresses at the joint. Precautions are 
necessary to assume the proper adhesive selection that 
will not creep, yet have adequate bond for the required 
loads. 
5. The ASTM E-72 racking method does induce diagonal 
tension stresses in blocks which are laid in MONOWALL 
fashion. 
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6. Unplastered MONOWALL subjected to racking by the ASTM 
E-72 method can be scaled-down for photoelastic analysis. 
7. The behavior of the blocks is similar to a cantilever 
beam with the resulting familiar tensile and compressive 
stress patterns. 
IX. RECOMMENDATIONS 
1. Further stress analyses on unplastered MONOWALL should 
be attempted on full-scale wallsJ utilizing the reflec-
ting photoelastic techniquesJ whereby plastic sheet is 
mounted directly to the concrete blocks in a full-scale 
wall. In this mannerJ the effects of boundary condi-
tions on the wallJ and block geometryJ such as number 
of coresJ end configuration etc.J could be studied. 
This would also reveal the behavior of the entire 
blockJ rather than the few isolated points of strain 
gages. 
2. Since a load bearing masonry wall is designed to carry 
a compressive load from the floorsJ it is necessary to 
examine further the influence of such compressive loads 
on MONOWALL as it is subjected to racking loads. Logic 
suggests that any compressive edge load on unplastered 
MONOWALL would increase its racking strengthJ since 
failure with no edge load is by tension. The use of 
a photoelastic model and suitable loading frames would 
be adequate for preliminary investigationsJ since a 
control "no-edge load" test has already been performed. 
3. Detailed analytical work on the present data should be 
done to relate wall strength to block strength. 
Since the racking load induces bending stresses in 
the ends of the blocksJ and failure always occurs in 
89 
the block itself~ it is reasonable to assume that an 
equation could be developed which would relate racking 
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APPENDIX A 
STRAINS AT THE JOINT 
TEST 1 
Gage Location 
Load/Lb. 1 2 3 4 5 6 7 8 9 
0 0 0 0 0 0 0 0 0 0 
400 +4 0 0 +5 0 +2 0 0 +8 
800 +10 +5 +5 +3 +15 +4 +4 +12 +12 
1200 +6 +8 +4 +10 +18 +10 +6 +8 +18 
1600 20 +10 +9 10 +24 12 +12 +11 24 
2000 30 14 10 14 25 18 16 18 29 
2400 41 20 11 11 25 23 18 19 33 
2800 45 23 18 18 36 28 20 20 38 
3200 55 27 20 20 39 32 25 25 44 
3600 66 29 23 20 43 37 28 28 52 
4000 +106 +60 +52 +52 +116 +78 +62 +68 +123 
4400 Failed 
Note: All strains listed in the Appendix Tables are in 




ROSETTE STRAIN DATA 
TEST 1 
Load/Lb. €I ~II ~III 2 _:g J2.. 
Gage A 
0 0 0 0 0 0 0 
400 +3 +7 +6 +7 .4 +1.6 -29.6 
800 +13 +13 +8 +14.0 +7. 0 +22.5 
1200 +17 +18 +10 +19.2 +7. 8 +26. 1 
1600 17 16 6 18.6 ·4.4 +19.6 
2000 26 24 10 28.0 8.0 18.5 
2400 28 25 8 30.2 5.8 17.5 
2800 32 29 10 34.6 7.4 18.0 
3200 36 32 8 39.0 5.0 17.8 
3600 36 34 7 40.7 2.4 20.4 
4000 +68 +39 +4 +68. 2 +3.8 +2. 7 
Gage B 
0 0 0 0 0 0 0 
400 +3 -2 +3 +8. 0 -2.0 -45.0 
800 +7 +1 +6 +12.0 -1.0 -42.4 
1200 +14 0 +8 +22.4 -0.4 -37.4 
1600 10 -3 2 15.8 3.8 33.0 
2000 19 +1 6 25.7 . 7 30.2 
2400 19 -1 4 26. 1 3.1 27.6 
2800 24 -1 6 33.4 3.4 30.3 
3200 26 -3 +4 36. 1 6.1 29.3 
3600 28 7 0 39.5 11.5 28. 2 
4000 +51 -12 -13 +63. 5 -25.5 -22.0 
Gage c 
0 0 0 0 0 0 0 
400 +5 +3 -2 +5. 3 -2.3 +12.7 
800 +14 +10 -5 +10.9 +8.1 +3.2 
1200 +20 +13 -6 +20.0 +6. 0 0 
1600 19 13 2 19.4 +1.6 +8. 2 
2000 26 19 7 26. 3 6.7 7.4 
2400 28 21 5 28.8 4.2 11.5 
2800 32 25 3 33.8 1.2 15.6 
3200 36 25 3 36. 9 2.1 +9. 7 
3600 38 20 3 38.0 +3. 0 -0.9 
4000 +76 +44 -6 +77. 0 -7.0 +6. 2 
The equation for calculating the angle between 
E:I and its 
respective principal strain is 2r::I
I - (I + E:III) 






STRAINS AT THE JOINT 
TEST 2 
Gage Location 
Load/Lb. 1 2 3 4 5 6 7 8 9 10 
0 0 0 0 0 0 0 0 0 0 0 
400 -5 0 +5 -1 0 -4 -4 -4 -2 -7 
800 -2 +2 +2 +2 0 -6 -8 -4 -4 -10 
1200 -2 +5 +5 +4 +2 -6 -8 -8 -17 -14 
1600 0 +10 10 +8 +3 5 10 10 22 16 
2000 +1 11 9 12 +4 0 12 10 16 20 
2400 -H) 16 16 15 4 2 6 16 26 24 
2800 +7 21 18 10 8 10 20 16 23 30 
3200 6 22 20 24 8 12 22 18 30 ::2 
3600 8 23 23 30 8 16 23 18 28 36 
4000 6 26 26 32 12 19 28 20 30 40 
4400 7 30 28 28 17 18 29 25 35 41 
4800 4 14 28 29 10 28 32 25 32 45 
5200 4 16 32 36 14 30 36 28 35 56 
5600 4 18 34 38 11 36 j7 31 39 49 
6000 2 10 35 26 9 40 47 33 41 52 
6400 0 10 34 28 21 44 47 35 42 54 
6800 +2 +5 +18 +24 +8 -51 -43 -34 -46 -56 
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APPENDIX D 
ROSETTE STRAIN DATA 
TEST 2 
Load/Lb. E:I E: II 8 III ~ _:g_ 8 
Gage D 
0 0 0 0 0 0 0 
400 -6 -4 -4 -3.6 -6.4 -22.5 
800 -10 -7 -4 -5.5 -11.5 -13.0 
1200 -10 -10 -4 -5.8 -14.2 0 
1600 11 11 5 6.8 15.2 0 
2000 14 14 9 10.5 17. 5 0 
2400 12 12 4 6.4 17.7 0 
2800 15 19 1 4.0 30.0 +8.1 
3200 15 18 6 7.8 25.7 +9.1 
3600 20 24 4 7.6 36.4 +7. 0 
4000 22 26 5 8.9 39.1 6.5 
4400 24 27 16 17. 5 33.6 10.4 
4800 25 29 3 8.4 45.6 5.1 
5200 24 30 15 15.6 38.4 16.9 
5600 33 36 13 18.1 50.9 4.2 
6000 30 36 6 11.4 54.6 7.0 
6400 32 39 3 9.6 61.4 6.7 
6800 -22 -27 -6 -9.2 -39.8 +8. 6 
Gage E 
0 0 0 0 0 0 0 
400 -11 -8 -3 -2.9 -11.1 +7. 0 
800 -7 -7 -11 -6.2 -11.8 +22.5 
1200 -6 -8 -10 -6.0 -10.0 0 
1600 6 11 11 5.0 12.0 -22.5 
2000 4 13 14 2.6 15.4 -19.3 
2400 0 12 12 +2.5 14.5 -22.5 
2800 +2 15 14 +6. 0 18.0 24.1 
3200 +4 15 15 +7. 9 18.9 22.5 
3600 +5 16 16 9.4 20.4 22.5 
4000 8 18 17 13.9 22.9 23.6 
4400 9 16 16 14.2 21.2 22.5 
4800 10 20 20 16.2 26. 2 22.5 
5200 5 20 16 12.4 23.4 26.9 
5600 9 25 24 16.5 31.5 23.3 
6000 16 26 24 25.7 33.7 23.8 
6400 18 24 24 26.7 32.7 22.5 




Load/Lb. E:I 8 I I 8 III 2 ~ &_ 
Gage F 
0 0 0 0 0 0 0 
400 -3 -2 -2 -1.8 -3.2 -22.5 
800 -6 -5 -7 -4.9 -8.1 +35.8 
1200 -6 -10 -9 -4.6 -10.4 -29.5 
1600 12 12 9 8.4 12.6 +22.5 
2000 12 12 8 7.2 12.8 +22. 5 
2400 12 18 6 0.5 18.5 35.7 
2800 15 20 8 2.3 20.7 43.8 
3200 12 21 6 +3. 3 21.3 44.3 
3600 15 24 8 +1. 5 24.5 44.6 
4000 16 24 8 +0.6 24.6 35.7 
4400 15 26 10 +1. 2 26. 2 44.4 
4800 20 26 10 -2.9 27.1 44.3 
5200 18 26 8 +0. 9 26.9 43.9 
5600 24 34 15 +(). 7 29.7 44.3 
6000 24 36 13 -0.1 36.9 44.5 
6400 24 34 10 +1.4 35.4 44.4 
6800 -24 -35 -9 +3.4 -36.4 +44.4 
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APPENDIX E 




.!. 2 3 4 2. .§. ]_ .§. 9 10 
0 0 0 0 0 0 0 0 0 0 
400 +24 -4 -2 -6 +3 -4 -5 -9 -1 
800 +95 -+64 -+65 -+61 +72 -+65 -+64 -+60 -+66 
1200 +36 +5 +9 +7 +14 +5 +4 0 -t4 
2000 +43 +11 +15 +14 27 +14 +11 +11 +15 
2800 47 15 20 25 34 15 12 +10 15 
3600 54 21 26 34 41 21 18 17 19 
4400 70 40 41 53 60 36 31 31 29 
5200 73 42 42 56 61 36 34 34 29 
6000 88 50 54 68 75 47 44 42 34 
6800 105 63 64 77 89 60 52 55 41 
7600 128 82 80 93 100 78 69 74 49 
8400 +151 +96 +90 +96 +100 +94 +82 +86 +52 
11 12 13 14 15 16 17 18 19 20 
0 0 0 0 0 0 0 0 0 0 0 
400 -34 +4 -6 0 -1 -6 -7 0 -2 -2 
800 -5 +4 -5 +2 +2 -8 -10 -3 -21 -39 
1200 -3 +5 -4 +5 +4 -15 -6 -7 -9 -38 
2000 +5 10 +1 +12 +5 20 2 -13 29 33 
2800 +8 15 +8 15 11 29 37 23 25 45 
3600 11 17 5 22 6 34 42 23 32 27 
4400 20 25 15 30 19 41 44 31 41 47 
5200 24 27 22 39 15 46 54 38 42 65 
6000 30 38 33 40 28 57 62 51 50 57 
6800 39 47 45 56 28 58 59 47 54 30 
7600 50 62 57 64 29 60 66 45 56 91 
8400 +52 +76 +80 +93 +48 -65 -65 -44 -61 -91 
21 22 23 24 25 
0 0 0 0 0 0 
400 0 -5 +3 -5 -8 
800 -+60 +55 -+65 -+60 +55 
1200 -9 -17 -5 -13 -15 
2000 -12 -22 -9 -13 -20 
2800 -26 42 -24 -28 -38 
3600 29 47 27 29 43 
4400 30 53 30 32 52 
5200 39 69 44 45 67 
6000 45 73 46 48 77 
6800 46 80 48 50 84 
7600 49 83 47 48 88 
8400 -51 -85 -50 -55 -100 
APPENDIX F 
COLOR STRESS CONVERSION TABLE 


















Tint of Passage n 2 





















% of nl 
0 
18 
46 
49 
50 
53 
76 
89 
95 
100 
104 
116 
132 
150 
154 
161 
177 
194 
200 
